A historical cohort mortality study was conducted among 28,008 white male employees who had worked for at least 1 month in Oak Ridge, Tennessee, during World War II. The workers were employed at two plants that were producing enriched uranium and a research and development laboratory. Vital status was ascertained through 1980 for 98.1% of the cohort members and death certificates were obtained for 96.8% of the 11,671 decedents. A modified version of the traditional standardized mortality ratio (SMR) analysis was used to compare the cause-specific mortality experience of the World War II workers with the U.S. white male population. An SMR and a trend statistic were computed for each cause-of-death category for the 30-year interval from 1950 to 1980. The SMR for all causes was 1.11, and there was a significant upward trend of 0.74% per year. The excess mortality was primarily due to lung cancer and diseases of the respiratory system. Poisson regression methods were used to evaluate the influence of duration of employment, facility of employment, socioeconomic status, birth year, period of follow-up, and radiation exposure on causespecific mortality. Maximum likelihood estimates of the parameters in a main-effects model were obtained to describe the joint effects of these six factors on cause-specific mortality of the World War II workers. We show that these multivariate regression techniques provide a useful extension of conventional SMR analysis and illustrate their effective use in a large occupational cohort study. ?
INTRODUCTION
This report is the first phase of a comprehensive study of the mortality of all workers employed at federal nuclear plants in Oak Ridge, Tennessee, and we limit our analysis to individuals who were employed only during the World War II era (1943) (1944) (1945) (1946) (1947) . During this period, radiation monitoring programs were in developmental stages; only persons considered at risk or representative samples of those at risk were monitored. Thus it is possible to designate workers only as "probably exposed" or "probably nonex-0033-7587/90 $3.00 Copyright ? 1990 by Academic Press, Inc. All rights of reproduction in any form reserved.
posed" to ionizing radiation. Additional factors available for analyses are socioeconomic status, place of employment, length of employment, birth year, and period of follow-up. An important question considered is the comparison of age-cause-specific death rates for different birth cohorts. For this phase of the analyses, birth year and age at risk of exposure are synonymous since only short-term workers employed during the World War II era are included. Workers were assigned a relative radiation exposure index based on job and department codes, and a variable related to socioeconomic status based on the likelihood that their jobs were professional, skilled, or unskilled. The place of employment is an important exposure-related variable since the type of radiation exposure was different at each facility.
Subsequent phases of the study will include all workers who were employed in later years and were monitored for radiation exposure. Studies of two of the Oak Ridge plants have been published separately (1-3), and subcohort analyses have been published for special interest groups (4-6). Three studies (3, 7, 8) have included individual radiation dose estimates, and each group was studied separately primarily because dosimetry efforts were at different levels of completion. As additional information becomes available, we will pool the data from all three facilities to obtain a larger study population. This large population of workers with personal exposure data will be used to evaluate the health effects of protracted exposure to low levels of ionizing radiation and to conduct methodologic research in occupational epidemiology.
Studies of occupational cohorts frequently span several decades of plant operation. Wen et al. (9) have pointed out that selecting subgroups by different dates of hire may serve to isolate potentially interesting groups for study and also to attempt to control for time-related exposure risk. In this study, isolation of subcohorts is designed to group workers with common periods of work and common methods of exposure assessment. Each phase of the study will address a different methodologic problem in occupational epidemiology. In this first phase, we will demonstrate that Poisson regression methods can be used effectively to describe the effect of multiple risk factors on cause-specific mortality.
The primary purpose of the natural-uranium and graphite pile at the Clinton Laboratory was to produce plutonium for further research in the war effort. This goal was reached by the summer of 1944 and the laboratory quickly transformed itself into the first well-rounded institution for nuclear research. The X-10 pile provided an abundant supply of neutrons for research in physics, produced radioactive isotopes with potential for use in science and industry, and offered unprecedented opportunities for research into the biological effects of radiation.
The major portion of the war effort in Oak Ridge was devoted to obtaining enriched uranium. The Y-12 Plant, operated by the Tennessee Eastman Corp. (TEC) from June 1943 to May 1947, was engaged in the enrichment of uranium by the electromagnetic separation process. This approach to separating uranium isotopes required a mass-spectrograph unit called a "Calutron" (named after the University of California where it was developed). The workers at Y-12/TEC handled uranium compounds which had a low radium content and were weak --ray sources. The most important potential hazard at TEC was the inhalation of uranium compounds. The uranium dust levels were highest in the "alpha" stage of the process, which was discontinued in September 1945. The radiation hazard continued, however, due to the higher 234U and 235U content of the product (the feed material for the second stage was enriched uranium chloride obtained from the first stage). The type and solubility of the uranium compounds also changed over time. After late 1945, uranium hexafluoride (UF6) was received directly from the K-25 site in Oak Ridge (later named the Oak Ridge Gaseous Diffusion Plant).
The main purpose of the facility at the K-25 site was to produce enriched uranium via the gaseous diffusion process. In this process, UF6 gas containing 0.7% 235U flows through a barrier which separates the lighter 235U from the heavier 238U. The enrichment of the final 235U was low initially (less than 5% 235U) but increased to over 90% by 1947. In support of the enrichment process, the facility also operated a plant that produced barrier material, ran a feed materials operation, and conducted laboratory research. Occupational exposures at the plant included uranium as soluble UF6 and relatively insoluble uranium oxides, metallic nickel, hydrofluoric acid, and a variety of chemicals used in laboratory quantities, especially fluorocarbons.
Definition of Cohort and Studiy Factors
The total number of workers ever employed in the Oak Ridge facilities between 1943 and 1985 was 118,588. This total includes all race/sex groups. The cohort designated as World War II workers was defined to be all white males who were employed at least 30 days between the start of facility operations and December 31, 1947, and at no other time after that date. The date of December 31, 1947, was chosen because it differentiated between the large population of workers who came to work during the war and left shortly after that large-scale production effort was completed, and those who were more long-term, stable workers. Also, before 1948 there were very few radiation monitoring data available. The total white male worker population who met the length of employment criterion for the three facilities numbered 34,726 of whom 28,008 had sufficient data to be included in this study. Over 80% (N = 5491) of the workers excluded from the analyses were lost to follow-up before the beginning of the study period, which was January 1, 1950. Additional reasons for omission from analyses included missing values for socioeconomic status, exposure code, and date of birth. Because of the criteria for data analyses, the workers who were lost to follow-up would not have contributed any person-years to the study. Missing socioeconomic status or exposure variables were most likely a result of missing job title, which was the variable used to assign values to these analytic variables. Since the majority of the exclusions involved workers who had no potential for contribution of person-years, it was felt that these exclusions would not bias the study results.
Radiation. Assignment of indices for radiation exposure for specific job title/department combinations was accomplished using a two-tiered scheme. Each job/department combination was assigned a code of "Y" or "N." An N assignment was given to job title/department combinations with no rational expectation of continuing or even irregular contact with radioactive materials and sources (e.g. financial accountants), and where there was no reasonable expectation that radioactive materials were used, transported, or stored. A 'Y' assignment was given to job title/department combinations where workers had continuing contact with radioactive materials (e.g., recovery operator), infrequent but regular contact (e.g., inspector), or irregular contact, either frequent or infrequent (e.g., maintenance personnel), or job titles requiring presence in hazardous areas for regular but short periods (e.g., superintendent). The assignments were based on information obtained from several sources including plant records, procedure manuals, and job descriptions. The total days worked in a job title/department combination that had a 'Y' assignment were computed using work history records for each individual. For the purpose of analysis, a person was considered "exposed" if the total days on a job designated 'Y' were at least 30. Note that since working at least 30 days was the minimum length of employment criterion, all workers can potentially be classified as exposed. Further subclassification of this variable is problematic since the intensity of exposure within job title/department combinations is not known.
Facility. Each worker in the study was categorized by the facility in which he worked. If a worker was an employee of more than one facility during the study period, he was placed in a fourth category which was designated as "multiple." Therefore, all cohort members fell into one of the following categories: TEC, K-25, X-10, or multiple.
Socioeconomic status. A listing of all job titles for all cohort members was generated. This listing was reviewed and assignments of professional, skilled, or unskilled were made for each unique job title. A job that required a high school education or less was assigned to the unskilled category (e.g., chauffeur, laborer, helper). A skilled job was one in which at least a high school education would be required or in some cases vocational training (e.g., carpenter, mechanic, welder). Professional job titles were those that would require college degrees (e.g., biologist, chemist, physicist). When the assignments were completed, each cohort member had a socioeconomic status category for each job he had during all years of employment. The socioeconomic status of the first job of each cohort member was chosen for the analysis because it was judged to be a good indicator of level of education.
Length of employment. Length of employment was calculated as the length of time between first hire and last termination if employment was continuous. If there were breaks in employment, the period of time that the worker was not employed at one of the three study facilities was not counted. For the purpose of analysis, length of employment was categorized in two levels: <6 months or 6 months or longer (6+).
Period offollow-up. Each person entered the study on January 1, 1950, and was followed until they were lost to follow-up, died, or reached the end of the study on December 31, 1979. Observed and expected deaths were computed for three decades of follow-up: the 1950s, the 1960s, and the 1970s.
Birth year. The workers in the cohort were categorized into two groups according to year of birth: before 1910 and 1910 or later. This division was chosen in order to separate the cohort by draft eligibility based on age when hired. It was theorized that stratification might help when interpreting the results if the group which was draft age when hired had a significant proportion of workers who were medically unfit for combat.
Vital Status
Vital status of the cohort was ascertained primarily through the Social Security Administration. Additional sources of information included Civil Service active and retired rolls, states' driver's license bureaus, and the Health Care Finance Agency. Death certificates were retrieved for the cohort and were coded to the eighth revision of the International Classification of Diseases adapted for use in the United States. All cohort members who were of unknown vital status were allowed to accumulate personyears in the study only until the date that they became unknown. Since follow-up for the whole cohort commenced on January 1, 1950, persons who became unknown or who died prior to this date were not included.
Analysis Methods
Analyses of the mortality experience of the World War II cohort involved two approaches. The first was a modified traditional standardized mortality ratio (SMR) analysis using U.S. white males as the external control group. The modification consisted of an evaluation of the relative change in the SMR over six 5-year intervals. A trend statistic and an adjusted SMR were computed for each selected cause of death of interest. The trend statistic describes the rate of change (percentage per year) in the SMR over the 30-year interval from 1950 to 1979. The purpose of this analysis was to evaluate whether or not cause-specific mortality for the 57 cause-of-death categories used by Monson (12) was excessive or showed a significant rate of change over the period of follow-up.
The second approach was undertaken to evaluate the joint influence of several variables on the mortality risk for the cohort. Recently developed multivariate statistical methods were used to describe the effect of six factors on the cause-specific mortality-see Breslow et al. (13), Breslow (14, 15), and Whittemore (16). Observed and expected deaths were tabulated for each of the subgroups that are defined by the study factors of interest using a computer program that we have developed (17) . Poisson regression analysis (18, 19) was then used to describe the joint effects (using a multiplicative main effects model) of the study factors on the cause-specific mortality. The expected deaths were computed using the cause-age-calendar year-specific rates for U.S. white males (12). Person-years for each subgroup were accumulated across 5-year age-specific and calendar-yearspecific categories from the beginning of follow-up (January 1, 1950) until the date of death or December 31, 1979, whichever occurred first. Subjects whose vital status could not be ascertained were withdrawn on the date of their last known contact.
The goal of the multivariate analysis was to evaluate the combined effect of duration of employment, SES, radiation exposure, facility, birth year, and period of follow-up on cause-specific mortality of interest (all causes, diseases of the circulatory system, all malignant neoplasms, lung cancer, other cancer, and external causes).
The strategy that we have followed in the multivariate analysis is as follows (see the Appendix for a more detailed discussion):
(i) Generate a six-dimensional table of observed and expected deaths for the cause-of-death category of interest.
(ii) Fit the main-effects model and record the parameter estimates and their standard deviations.
(iii) Use the screening procedure described under Appendix to obtain the abridged table of x2 statistics.
(iv) Review and interpret the results from steps ii and iii.
RESULTS

Vital Status
The vital status statistics are shown by facility in Table I . Approximately 42% of the World War II workers have died and death certificate retrieval is 96.8% complete. The percentage of workers with unknown vital status is approximately 2% for all facilities. The percentage of deaths varies by facility with a high of 44% for the K-25 population to a low of 30% for the X-10 population. The majority of the workers and deaths in the study come from the K-25 and TEC populations. 
Population Distribution by Study Factors
The univariate distribution of the worker population by factor levels is shown in Table II . The length of employment distribution indicates that there was a fairly high rate of employee turnover. The K-25 plant experienced the greatest percentage of short-term (<6 months) employees (52.6% of the worker population) followed by X-10 (40.2), TEC (36.1), and multiple (33.2). For multiple facility workers, the length of employment was based on the total time of employment at all facilities.
The distribution of workers by SES reveals less than 6% professional workers at TEC, K-25, and multiple, while the X-10 worker population has 31.3% in the professional category. The highest percentage of skilled workers is found in the TEC population (79.8%) followed by the multiple workers (65.0%), the K-25 workers (59.9%), and finally the X-10 workers (44.8%). Unskilled workers comprised slightly more than 30% of the K-25 and multiple workers, nearly 24% of the X-10 workers, and approximately 14% of the TEC workers. The distribution of exposure shows that each facility has a different percentage of the population rated in the "yes" category. The population with the highest percentage of exposed workers is TEC (75.0%) and K-25 has the lowest percentage of exposed workers (41.5%). The birth year distribution is similar for all populations; between 73 and 80% of each population were born after 1910. It can be seen that there are substantial differences in the distribution of the study factors (with the possible exception of birth year) between the four population groups included in the analyses. Each of the study factors is a potential predictor of disease outcome either alone or in conjunction with the other variables in the data set. Table III shows the joint distribution of World War II workers cross-classified according to the five study factors of interest. Table IV presents SMR). Column 6 presents the adjusted log SMR for the midpoint of the study (which is 1965), and Column 7 is the estimated standard deviation. The adjusted log SMR is cal- . Column 8 presents the trend statistic, which describes the annual rate of change of the SMR over the 30-year period, and the estimated standard deviation of the trend statistic is given in Column 9. Therefore, it is easily seen, for example, that the 0.74% per year increase in the SMR for all causes of death is statistically significant, since it is six times larger than its estimated standard deviation.
SMR Trend Analysis
Of particular interest in this study are the deaths from all malignant neoplasms. The unadjusted "crude" SMR indicates that there is a 4.6% nonstatistically significant increase in deaths from malignant neoplasms in this worker population. There is, however, a statistically significant trend over the period of the study that shows a 1.05% per year increase in the SMR (see Fig. 1 ). The results for circulatory system deaths appear to be similar to those for all malignant neoplasms. Again, the unadjusted SMR is not statistically significant, but there is a significant increasing trend in the SMRs over time at a rate of 1.05% per year (see Fig. 1 ). The fact that the trend is identical for all cancer deaths indicates that these two lines are parallel (see Fig. 1 ). However, at the midpoint of the interval of follow-up, the SMR for circulatory disease was still less than one, whereas the SMR for all cancer was essentially unity. These trends would not have been noted if the unadjusted SMR had been the only statistic computed.
Occupational epidemiologists generally examine only elevated SMRs with regard to time trends. However, using this system of analysis, the statistically significant trend for all malignant neoplasms would probably have been missed. Similarly, the significant trend for diseases of the circulatory system and arteriosclerotic heart disease also would have been missed. Arteriosclerotic heart disease, a subset of diseases of the circulatory system, represents slightly more than 70% of the deaths in that category. So similar SMRs and trends for these two groupings should be expected.
The SMR for diseases of the respiratory system is significantly elevated and exhibits a significant trend of 1.53% increase per year. It can be seen from Fig. 1 that the SMR for respiratory diseases was greater than one during all but the first 5-year interval of follow-up. Suicide also shows a significant trend over time with a 2.45% increase per year. However, the overall SMR for suicide is not significantly elevated.
Table V displays the summary statistics for mortality from selected cancer causes of death. Significant deficits are noted for cancers of the digestive organs, and peritoneum, where it can be seen that the adjusted log SMR is -23.6 and there is no significant trend with time. This indicates that deaths classified in this category of disease are below the national level throughout the period of the study and, if the SMRs were plotted (as in Fig. 1 ), they would be less than one and would show a slight upward trend over the 30-year worker population has lung cancer death rates higher than Cancer of the respiratory system and, more specifically, those of the national average at the midpoint of the study. 
Multivariate Analysis
The initial SMR trend analysis identified diseases or categories of diseases with interesting distributions in this population. We chose several for further study on the basis of either a statistically significant elevation of the SMR and/or a significantly increasing trend over the course of the study. The reference group for all analyses is the group of workers who had no occupational radiation exposure, were born before 1910, were in follow-up period 1960s, worked less than 6 months, and were skilled workers. death. For each cause of death category, the multiple population workers were significantly above the U.S. standard. This finding is consistent with the assumption that workers who worked at more than one facility in a short period of time may represent a group with unstable workers who may not be able to hold a job due to lack of education or because of poor work habits or poor health. As might be expected, radiation exposure does not have a significant relationship to any of the three disease categories, and in fact shows a slight negative effect for two of the disease groups. Those born before 1910 had significantly higher death rates in the three disease categories compared to those born after 1910. This is most likely reflective of a "cohort" effect where each successive birth cohort in the United States exhibits generally longer life expectancy than earlier cohorts. The observed period effects confirm a significant positive trend for all causes and circulatory system deaths that was noted in Table IV . Although there appears to be a slight positive trend for external causes, examination of the standard deviations for the coefficients reveals that the trend is not statistically significant. The period effect is stronger for cardiovascular diseases than for all causes. This is probably due to the strong healthy worker effect that is usually associated with cardiovascular diseases in an occupational cohort. In all cases, those who worked more than 6 months had reduced mortality when compared to short-term workers (<6 months). This finding reinforces the unstable worker hypothesis that was proposed for the multiple plant population. For each disease category in Table VI , socioeconomic status is a strong predictor of outcome. The differences between skilled and unskilled are small, whereas the comparison of professional to skilled reveals a strong reduction in death rates for professional workers.
Table VII displays multivariate analyses for all cancer, lung cancer, and other cancer deaths in the study population. Although there is some variation in the parameter estimates for the different facilities, only the estimate for lung cancer in multiple facilities is statistically significantly above the U.S. standard. Radiation exposure has a positive contribution in the main effects model for all cancer, but it does not change the magnitude of the SMR as much as other factors in the model. Birth year does not show as strong an effect for the cancer causes as was seen for the set of categories in Table VI . This would indicate that the 'cohort' effect does not operate strongly for cancers in this group. A positive trend is observed for each of the cancer categories when period of death is considered. Employment of >6 months is associated with reduction of death from all cancer, lung cancer, and other cancer when compared to the <6-month employment group. No differences were noted between skilled and unskilled workers for the cancer categories. However, strong significant parameter estimates are obtained when professional workers are compared to skilled workers. The contribution of the socioeconomic status is the most significant in these models as was seen in the models presented in Table VI . Being a professional worker is generally protective for all causes of death; however, it is seen to be particularly protective for external causes of death and lung cancer deaths in the examples above.
DISCUSSION
The purpose of this study was to demonstrate the use of Poisson regression methods in an occupational cohort mortality analysis where there were multiple risk factors and multiple causes of death to be investigated. This type of descriptive hypothesis generating analysis is frequently employed as a first step in searching for any possible relationship between specific causes of death and employment in an occupational cohort or exposure to a certain substance in an occupational setting.
The cohort that was chosen for demonstration of these analytic techniques is unique because all members of the cohort terminated employment prior to the beginning of the follow-up period. This restriction allowed a data set where exposure was fixed and did not have to be treated as a time-dependent variable. Also, because of this approach, period of follow-up (as measured by calendar time) and duration of follow-up are synonymous. Every person in this data set who survived past the end of the study was followed for the maximum of 30 years. This long length of follow-up coupled with the selection bias introduced by including only terminated workers yields a cohort where there is no evidence of the "healthy worker effect."
This cohort also had a potential selection bias during the initial hiring period because of the effect of World War II. Most of the healthy young males in the U.S. population were already in the Armed Forces and any of the workers hired by the facilities in this study were either too old to enlist or not physicially fit enough to pass the Armed Forces entrance physical. Our analyses indicate that there was no healthy worker effect and that the younger draft-age workers did not have poorer mortality than the initially older workers. A similar result has been observed in other cohorts that were employed during the same era (9, 20).
Of particular interest in this study is the effect of radiation exposure on the risk of death from cancer. No effect was observed when all cancers were taken together or when lung cancer was specifically examined, although the parameter estimates were all positive for the three cancer categories displayed. Several reasons may be examined for this apparent lack of association. The radiation exposure variable was inferred after examination of job titles and department of work for each worker in the study. The procedure is subject to error that would result in misclassification of exposure status and lead to underestimation of risk in the exposed group. Also, since the radiation variable was dichotomous, and many workers were employed <6 months, a worker may be classified as exposed where the exposure is not significantly different than those in the unexposed category. Thus the exposure variable may not be a sensitive measure of true differences in dose. The population that was examined terminated employment before 1948 and the maximum length of employment was slightly less than 6 years. Thus the maximum length of exposure to radiation was less than 6 years. It is possible that this is not a sufficient length of time to cause increased risk for death from cancer.
Unfortunately, it has not been possible to quantify further the radiation exposures for the period of this study, since radiation monitoring programs were in developmental stages and personal monitoring data were not available for most workers. However, the importance of the study lies in clearly showing that future studies which will have more complete exposure data should not ignore the very strong socioeconomic status effects for most causes of death and possible birth cohort effects for noncancer deaths. The use of the Poisson regression and the multiplicative main effects models provides an effective data reduction method that is useful for looking at the multiple factors. This approach will be extended for use in the more rigorous studies on groups of workers who were monitored during their employment. These studies will necessarily incorporate timedependent analyses to evaluate mortality patterns with respect to radiation exposure among all monitored workers.
APPENDIX Trend Analysis
In occupational cohort studies, the SMR is often used to describe the mortality experience of the study group over an extended period of time-see, e.g., Whittemore (16) for a recent review. An implicit assumption in this summary is that the death rates differ from the reference population by a constant multiple that does not change over time. In this study, follow-up began on January 1, 1950, and since all workers were employed in Oak Ridge between 1942 and 1947 calendar time and duration of follow-up are synonymous. We divided the follow-up period into six 5-year intervals and determined the observed and expected deaths for each cause of death for each of the six intervals. The results for lung cancer are shown in Table Al This leads to a six-dimensional table (2 x 3 x 4 x 2 x 2 x 3) that contains the observed and expected deaths for each combination of factor levels. 9?exp(zj ,) , where the ,u? are known constants, zj is a covariate vector of indicator variables, and j is a vector of regression coefficients. The expected deaths were computed using the person-years approach and the observed and expected deaths were crosstabulated using a system of SAS macros that we have developed (17). Poisson regression methods (18) were used to obtain maximum likelihood estimates of the parameters in a main-effects model for the six-dimensional table of observed and expected deaths. In our analysis, we have used the "facility" factor as the reference category so that the first four parameter estimates in Table A2 represent the log of the SMR for all cancer at the reference level of each of the remaining factors; e.g., the estimated SMR for K-25, at the reference level of each of the remaining five factors, is exp(8.3/100) = 1.09. The remaining parameter estimates in Table A2 Table A3 labeled "p" for period of follow-up. This term has 2 df, and the effect of including it in the model when no other terms are present is a decrease in the deviance of 11.73 (see Column 3 of line 3 in Table A3 ). This is a marginal test for the equality of the period effects and is equivalent to forming a marginal table (by collapsing over all factors except p) and then testing for the equality of the SMRs in this one-dimensional table. The value of the partial x2 for the period effect when all other factors are present in the model is given in Column 5 of Table A3, and is Table A3 ). Consequently, we conclude that period of follow-up is an important variable for describing cancer mortality in the World War II cohort. The next section of Table A3 (lines 7 through 21) is used to evaluate the relative importance of two-factor interaction terms. The x2 statistic for marginal association can be obtained by fitting a main-effects model to the two-dimensional marginal table (that correspond to the term listed in Column 1). The value of the deviance for this marginal two-factor main-effect model is a measure of the interaction between the two factors when no other factors are present. The x2 statistic for partial association for a two-factor interaction is obtained by first fitting the model with all main-effect and two-factor interactions in the model and then recording the change in the deviance that occurs when the two-factor interaction is removed from the model. This model screening procedure evaluates the relative importance of all possible higher-order interaction terms by following a procedure similar to that described for main effects and two-factor interactions (see Brown (25) for a more detailed discussion). The resulting table contains 62 lines with deviance values for marginal and partial association. For summary purposes, we have reviewed each of these tables and deleted all lines for three-factor or higher-order actions that were not significant at the 0.01 level. This resulted in an abridged table of x2 statistics for each cause-ofdeath category that was studied. The purpose of this table is to evaluate the relative importance of different effects for each cause of death category. We emphasize that, due to nonorthogonality, no single test can be performed to determine the importance of an effect. The two tests used here provide approximate bounds on the change in the deviance that occurs when that effect is either added to or deleted from the model.
